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SUMMARY 

Plight tests have "been conducted at the NACA Ice 
Research Project, Minneapolis, Minn., to determine the 
departure of the static pressure measured at fuselage 
s t at i C'-'pr es sur e vents from the static pressure of the 
amlDient aire Several locations for the fuselage static- 
pressure vents v/ere investigated on an M3--2^E and a 
Lockheed 12A airplanec The .s t at i c-'or essur e-v onf installa- 
tions were also tested in natural icing conditions to 
deterr.ine the effect of icing on the static-pressure 
measiir ement • 

The tests indicated that the avera^^o pressure at the 
fuselage static-pressure vents der)artcd less from the 
static pressure of the ara'oient air than did the average 
static pressure at the conventional airspeed heads. 
Plights in natural icing conditions indicated that the 
pressures measured hy the fuselage static-pressure vents 
were much less likely to Tdc erratic as a result of ice 
formations than those measured by the commonly used air- 
speed head* 

It was concluded that a more accurate representation 
of the indicat od air speed in straight flight with symme.tric 
power could he obtained hy using a fuselage static-pressure 
vent in conjunctiorx v^ith a t o l al -pr es s ar e head in place of 
the conventional tyvo of airspeed head mounted near the 
front of the fuselage. 

INTRODUCTION 

The airspeed hecads on most multiengine airplanes are 
mounted on struts v;hi ch :ext end normal to the fuselage 
near the front of the airplane. The dynamic pressure at 
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this position of the airspeed, head frequently is not the 
dynamic pressure of the ambient stream, owin.f; bo the 
pressure field surrounding the airplane. A careful se- 
lection of the location of the airspeed head v/ill mini- 
mize the necessary, correction to the indicated airspeed 
for a given airspeed or flap condition.-. At: the other con- 
ditions, however, this correction rr.ay oecome larger. 
Flights in icing conditions have s hov/n. t hat; ice formations 
on the support strut of the airspeed head increase the 
Dlocking effect and therefore change the indicat ed~air- 
speed errors 

If the airspeed head is mounted on a hoorii extending 
from the front of the fuselage a distance not loss than 
the maximum" diameter of the fuselage, or extending ahead 
of the wing-tip loading- edge oy approximately one chord 
length, the correction to the indicated airspeed is 
usually small for most flight conditionso- ^he use of 
"booms v/hich protrude from the front of the fuselage or 
from, the wing, tips, however, has not hcen favoraoly ac- 
cepted iecaus.o of service prolDlems Which arise from such 
ins tallat ions c 

Unreported investigations "by the Royal Aircraft 
Es taclishment , Par nh or ough , Sngland, have indicated that 
the use of a, s tat ic-pr essur o vent installed on the side 
of the fuselage in comhination with a total-pressure head 
will provide a more nearly correct indicated airspeed 
than the com.iuonly used airspeed-head ins tallat ions The 
ITACA has continued this research ty applying the fuselage 
s tat ic— pressure vent to several airplane© and conducting 
f light . tests to determine the magnitude of the indicated- 
airspeed correction and the vulnerability of the systems 
to icing conditionSo 

The flight tests were conducted hy personnel of the 
AAL at the ITA.CA Ice Research Project; Minneapolis, i-Iinn, 



SqUIPHSiJT AHD INSTALLATION 



The fuselage s tat ic-pre s sure-vent installations v/ere 
made on the X3-24J and the' NACA Lockheed 12A airplanes^ 
Th:pee pairs of vents were installed on each air-plane at 
three f or e--a.nd— af t stations along the sides of the fuse- 
lage "between th.e wing and the empennage o The vents in 
each pair were located exactly opposite each other, as 
shown in figure 1, 
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Preliminary tests to locate the final position of 
the stat ic— pressure vents on the XB— 243r airplane wore 
pade v/ith surface orifices formed loy drilling holes in 
the fuselage skin^ -he t7pe of fuselage static-pressure 
vents eraployed in the final installation on the XB~24F 
airplane consisted of a 1?/ 32-~inch-diar;)e t or orifice in a 
1/ 8— inch-thick plate attached to the outer surface of the 
fuselage 3 This type cf vent complies with the r o c ominGnda— 
tions of the Royal Aircraft E s tah 1 i shne nt and is shoi/n 
in figure 2o 

Stat ic—pres sure ''mice'^ were used as preliininary 
vents in the tests v/ith the Lockheed IS-A. airplance The 
final fuselage static-pressure vents on the Lockheed 12A 
airplane consisted of l/S-inch-diametor holes in the side 
of the fuselage as shovni in figure 3^ Care v/as taken to 
prevent .any surface variations in the fuselage skin near 
the orifice when the inner fit";:ing v/as riveted in placco 

The t 0 tal— pr e s sur c heads used in con ji-inct ion with 
the s tat ic--pr e s sure vents for this investigation are shoi^n 
in figLircs 4 and 5.* The locations of the t 0 ta l--pr e s sur o 
heads are shov/n in figure lo The total-pressure head 
used on the X5— 24F airplane was a type G— 1 head., manufac- 
tured "by the Aero Instrument Coi-^pany, Columhas, Ohio, and 
was provided vrith an electric heating elomento The total- 
pressure head on the Lockheed ISA airplane v;as "built in- 
tegrally with the forward lower radio-antenna mast and 
was also electrically heated. 

The service airspeed installations were retained to 
provide p. comparison with the fuselage s tat ic— pressure 
vent and t otal—pr es sur e— head airspeed ins tal lat i on ^ The 
X5— 24F airpla,ne was equipped Vfith tv/o electrically heated 
"shark-fin" type airspeed heads mounted on struts extend- 
ing normal to the sides of the fuselage near the front of 
the air plane ^ The Lockheed 12A airplane v/as equipped 
with a ""bayonet" t'^pe airspeed head which v/as electri- 
cally heated and v/as mounted on a mast Delov/ the forv/ard 
part of the fuselage^ The locations of these airspeed 
installations are shown in figure lo 

During a part of the investigation, an airspeed 
head v/as mounted on a "boom extending 4 feet a.hea,d of the 
nose of the XS— 24? airplane in the same location as the 
total-pressure head shov/n in figures 1 and 4, 



A trailing static-pressure head v/as usod to ohtain 
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the a^tient static pressure.. Standard airB]peed indica- 
tors, caliorated prior to the f?uight tests, v/ere \:.sed to 
observe the pressure data in the XB-24F airplane. An 
MCA photographic pressure recorder v:as used to ohtain 
the pressure data in the Lockheed 12A airplane « 

TESTS 



Preliminary tests v/ere conducted to determine a 
satisfactory location for the fuselage static-pressure 
vents on each airplane^: Shese tests consisted in deter- 
:uining the departure of the static pressure measured at 
each static-pressure vent on the XB-24F airplane, or at 
each pair of mice on the Lockheed 12A airplane from the 
anihient static pressure as measured "by the trailing 
s tat ic— pr es sure head • 

• Suhseq.\ient to the determination of a satisfactory 
location for the fuselage static-pressure vents, tests 
v/ere conducted to compare the indicated airspeed as meas- 
ured "by the final s tat ic-pr es sur e-vont and t otal-pr es stir e- 
head installations with that measured "by the service air- 
speed installat ions o Tests were also conducted on the 
XB-24? airplane to afford an additional comparison with 
the indicated airspeed as measured with a nose— boom-type 
installation. 

The flight tests were conducted at constant pressure 
altitude from landing speed to about 200 miles per hour^ 
Data were obtained V7ith the flaps up, flaps at take-off 
positionp and flaps down*. In addition, flight tests were 
made in a wide variety of natural icing conditions to ob- 
serve the effects of icing on i:he different installations, 

RESULTS AHD DISCUSS lOlT 



The results show the variation, with dynamic pres- 
sure Qq of "the departure of the static pressure measured 
at the vents p from the ambient static pressure p^ 
expressed in percent of the d^^namic pressure© 

.A comparison of the a..vorage s tat ic— pros sure depar- 
tures on the X3~24F airplane indicates txhat the pressures 
at vents 3 and 6 and at vents 2 and 5 were nearest to the 
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a.u'bient static px^essure<, Vents," and G were chosen for 
the final ins ta lia. t i on j since they would iDe affected, loss 
"by the opening of the v/aist hatches than would vents 2 
and 5^ lignve 7 indicates that the No, 3 pair of mice 
were the most satisfactory on the Lockheed 12A airplane^^ 
Pi^:ure 8 shov/s a comparison of the departures from amhient 
static pressure of the pressures iiieasured at the final 
static-pressure vents, at the nose-boom airspeed head, 
and at the service airspeed installations for the XB— 24P 
airplane© I'igurc 9 gives a similar comparison oetv/een 
pressures measured at the service airspeed head and at 
the fuselage s ta.t ic— pressure vents on the Lockh'^^ed 12A 
airplane* Che difference oetv/een the data taken a.t the 
location of vent pair Hcc o plotted in figures 7 and 9 
is due to the change from s ta t i c— pr es sur o mice (figo ?) 
to surface orifices (figo 9)c^ The rolations between the 
ohserved and corroct indicated a,irspeeds for the instal- 
lations on the airplanes are given in figures 10 a.nd 11 o 

She deflection of the wing flaps changed the static 
pressure at all locations at v/hich da.ta were obtained* 
The flap deflection decreased the error in the observed 
indicated airspeed for the X£— 245" airplane service head 
and increased the error for the fuselage s t a t i c— pr e s sur e— 
vent systome As sho^7n in figure 8, however, the result- 
ing error in the fuselage s tat ic—pres sur e— vent system 
remained less than that for the service head* ^'igures 7, 
9, and 11 show that the effect of flap deflection on the 
Lockheed 12A airplane v;as to decrease the pressure depar- 
ture o 

It is believed that the fuselage stat ic—pres sure- 
vent installation should consist of two connectod ori- 
fices; one on each side of the fuselage at the same sta- 
tion© Although no data were taken with the airplanes 
yawed, it seems apparent tha.t unless vents are located 
on opposite sides of the fuselage and connected together, 
a large error would results J^or this reason, t2ie final 
ins ta lla, t i on of the s tat ic— pros sur e— vent systems was 
provided v;ith tv/o connected vontso The effect of yav/ed 
flight on the pressure- measured at fuselage static- 
pressure vents should be invest igatedo 

Several fa^ilures of the service- airspeed installa- 
tions on the test airplanes v/ere exporiencod in icing 
conditions. On the same flights the fuselage static- 
pressure vents v;ore unaffected by ice formations^ The 
failures of the service installations v;erc due princi— 
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pally to ice accretions on the siTppoj:^t struts such as 
shown in fi.-ure 12o The ice formations caused a gradual^ 
change in the static pressure at the airspeed head> v;hich 
resulted in an apparent loss of airspeed^ 



CONOLUSIOi^S 



Ic In straie^ht flight with symmetric power, the 
average departure from amhicnt static pressure on the 
airplanes tested is less at a properly selected vent on 
the side of the fuselage than at the service airspeed 
heado 

2o 'Iho static-pressure meacuremGnts v;hich are olo- 
tained frora the iuselaf^e static-pressure vents are less 
affected "by ice formations than those measured Idj the 
service installations on the airplanes tested. 



Aif.e s Aer onaut ical La o orat ory , 

National Advisory Committee for A or ona iit ic s . 
Moffott ?iold, Calif, 
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Figure 2.- The final fuselage static-pressure 
vent on the XB-2l\F airplane. 
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Figure 5,- The 
vent on the 



final fuselage static-pressure 
Lockheed 12A airplane* 



0 




NACA 



Fig. 6 




60 80 100 
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Figure 6.- Departure of the static pressure, measured at the fuselage 
static pressure vent, from the ambient static pressure for 
various flap deflections on the XB-24F airplane with the surface orifices. 
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Figure 7.- Departure of the static pressure, measured with the fuselage 
static pressure "mice" from the ambient static pressure for 
various flap deflections on the Lockheed 12A airplane. 
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Service airspeed head installation 




Final fuselage vent airspeed installation 
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X Flaps down 



Boom mounted airspeed head installation 
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Figure 8.- Departure of the static pressure measured at the service 

airspeed head, fuselage static pressure vent and the boom 

mounted airspeed head, from the ambient static pressure for various 
flap deflections on the XB-24F Airplane. 
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Figure 9.- Departure of the static pressure, measured at the service air- 
speed head and fuselage static pressure vent, from ambient static 
pressure for various flap deflections on the Lockheed 12A airplane. 
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Figure 10.-- Comparison of the observed and correct indicated airspeeds 
for the airspeed installations tested on the XB-24 ? 
airplane. 
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Figure 11.- Comparison of the observed and correct indi^cated airspeeds 
for the airspeed installations tested on the Lockheed IHi 

airplane. 



Figure 12. • Ice formation on the left airspeed- 
head support strut on the XB-'2l\F airplane. 



